Introduction
In the last decade, many parts of the world experienced drastic increases in agricultural land prices. In the European Union, agricultural land prices in Germany surged by almost 150% from an average of 8,909 €/ha in 2006 to 22,310 €/ha in 2016 (Federal Statistical Office of Germany 2017 . In France, average farmland prices increased by 33% in the last decade, reaching 5,940 €/ha in 2014, while land prices in the United Kingdom more than doubled during the same time (Eurostat 2016) . Likewise, in the United States the average value of cropland increased from 6,252 $/ha to 10,107 $/ha between 2007 and 2017 (U.S. Department of Agriculture 2017). Drivers of this price surge are claimed to be higher land rents due to increased productivity and food prices, the conversion of agricultural land to nonagricultural uses, and speculative activities of financial investors (e.g., Deininger and Byerlee 2011) . Farmers and politicians are concerned about this development, since high land prices are an obstacle for the expansion of family-operated farms. In addition, the concentration of farmland in the ownership of large holdings or nonagricultural investors is suspiciously viewed. Indeed, many governments take actions or contemplate measures that target the capping of land prices. For example, in 2014, Belgium laid the foundation for new land market instruments, such as the land observatory, land bank, and updated preemption rights. Belgium also tightened land market regulations, which had previously been liberal. In the same year, new land market regulations aiming to restrict the purchase of agricultural land by foreigners and nonfarmers were released in Slovakia. Likewise, in Germany, the Federal Ministry and the State Ministries of Agriculture are currently discussing bills that target the broad distribution of land ownership, the prevention of dominant land market positions on the supply and demand sides, the capping of land rental and sales prices, and the special treatment of farmers over nonagricultural investors.
It should be noted, however, that the surge of agricultural prices, which triggered the aforementioned policy debate, did not take place evenly in space and time. For example, land prices in western and eastern Germany differ significantly, even 20 years after reunification. Not only do price levels vary, but growth rates of land prices also vary between and within countries. In France, for example, significant double-digit increases took place Yang, Odening, and Ritter: Spatial and Temporal Price Diffusion from 2011 to 2014 in northern parts (+38%) and western parts (+11%), whereas land prices declined in other regions, notably in the Mediterranean area (-8%) (Eurostat 2016) . Italy also witnessed uneven price development: land values almost doubled from 1992 to 2010 in northern Italy, while land values increased by only 15% to 30% in the central and southern regions (Mela, Longhitano, and Povellato 2012) . Yang, Ritter, and Odening (2017) show that even on a regional scale, agricultural land markets may exhibit different dynamics. Potential causes of diverging land prices are different agricultural production systems and disparities in regional growth, in conjunction with the limited mobility of agricultural production. On the other hand, it is widely acknowledged that land prices are sticky across space. This is not only due to the spatial correlation of land price characteristics, such as soil quality, but also an implication of adjustments to demand and supply shocks of land markets. For example, if land prices in the urban fringe increase because agricultural land is converted to commercial land, liquid farmers will likely acquire agricultural land in the neighboring area as a substitute and thus increase land prices. Likewise, if a windfarm is built, this not only creates significant rents in that region, but also generates regional spillover effects since ecological compensation areas have to be established elsewhere. Ritter et al. (2015) provide empirical evidence for this "ripple effect" in Brandenburg, Germany. However, thus far it is not well understood how fast this kind of spatial price transmission works and whether it describes a local or regional phenomenon. From a policy perspective, as well as for the optimal timing of land sales, it is of great interest to know whether regional land price differentials diminish and how price shocks diffuse in space.
At least three types of statistical models can be distinguished that aim to explain the behavior of land prices: spatial econometric models, time series models, and spatiotemporal models. Spatial econometric models, which encompass spatial lag and spatial error models, are more or less the standard now in hedonic models of land prices (e.g., Huang et al. 2006; Patton and McErlean 2003; Hüttel et al. 2013 ). These models are static in nature and focus on measuring the unbiased impact of land attributes on land prices, while accounting for their spatial relationships. Time-series models are used to estimate trends and structural breaks in land price developments (Gutierrez, Westerlund, and Erickson 2007) , test the present value model of prices, and detect price bubbles (Falk 1991) . The third modeling approach, spatiotemporal models, seems to be the most suitable approach for our analysis because it captures both dimensions of interest: space and time.
There are only a few applications of spatiotemporal models to farmland prices. Maddison (2009) extends standard hedonic models of farmland values by including spatiotemporal lags of dependent and independent variables, which significantly increase the explanatory power of the regression. Carmona and Rosés (2012) apply panel unit root tests to explore the convergence of farmland prices in Spanish provinces at the beginning of the twentieth century. They find that the Spanish land market is spatially integrated and interpret this finding as an indicator of land market efficiency. More recently, Yang, Ritter, and Odening (2017) apply secondgeneration panel unit root tests in an iterative procedure to identify "convergence clubs" of regional land markets that share the same price development. 1 Though panel unit root tests give a first impression of the similarity of price trends in different regional land markets, they do not allow for a complete description of price diffusion processes. More specifically, it is not possible to distinguish between convergence, cointegration, and spatial diffusion. In this context, cointegration 1 The term "convergence clubs" was coined by Baumol (1986) to describe groups of countries showing similar economic development. In the context of land markets, convergence clubs can be understood as regions that share similar price dynamics. A testable hypothesis is that price differences among members of a convergence club vanish in the long run in both absolute and relative terms (e.g., Abbott and de Vita 2013; Montagnoli and Nagayasu 2015 for real estate markets). Members of a convergence club can be characterized, for example, by similar agricultural production structures. The economic forces that cause price convergence include mobility of farmers or investors (i.e., arbitrage processes), diffusion of technologies (e.g., biogas plants), or information spillovers.
Land Economics establishes a long-run equilibrium among (nonstationary) land prices of two or more regional land markets. Convergence of land prices can be considered as a special case of cointegration, in which land prices move toward the same price level (absolute convergence) or toward a constant difference (relative convergence). Spatial price diffusion, on the other hand, can also be driven by shortrun effects and contemporaneous spillovers from neighboring regions. Pesaran and Tosetti (2011) suggest a price diffusion model that is able to disentangle these effects, and Holly, Pesaran, and Yamagata (2011) use this model to analyze the spatial and temporal diffusion of house prices in the United Kindgdom. A nice feature of this model is that it enables the testing of whether a specific region is dominant, in other words, that the region is typically the source of price shocks that are then transmitted to neighboring regions with a time delay, and there are no feedback effects. Such a phenomenon is often observed for big cities in the context of house prices (Meen 1999; Lee and Chien 2011) .
In this paper, we apply the price diffusion model of Pesaran and Tosetti (2011) to study the behavior of farmland prices in the state of Lower Saxony, Germany. The overall objective of this model class is the inspection of statistical characteristics of land price processes rather than the identification of economic drivers by means of a structural model. Nevertheless, this kind of analysis is relevant from an economic perspective, since price cointegration and convergence are fundamental properties of prices in the context of spatial market integration, which is an important aspect of market efficiency. Within this modeling framework, we are able to answer a set of interesting research questions: Are regional land markets separated or are they integrated such that prices converge in the long run? If low-price regions catch up with high-price regions, how long does this adjustment take? Can we find ripple effects in farmland markets? Is it possible to identify dominant regions in farmland markets, such as in areas with high land rents or in close proximity to urban land markets? Although we target a description of land price dynamics rather than a full economic explanation of these dynamics, it is an important step toward a more comprehensive understanding of farmland markets. Beenstock and Felsenstein (2007) develop a spatial vector autoregression model, which is motivated by the ability to explicitly consider the potential impacts of economic events in space. In this model, which consists of temporally lagged terms and spatially lagged terms, the land prices in region i at time t are given by
Methodology
where it p denotes the (log) land price in region i at time t, 1, , i N = … and 1, , 
where N i denotes the number of neighbors of region i and it follows that 1 1.
Since asset prices are typically nonstationary, it is useful to employ spatial cointegration methods. The relationship between cointe-grated variables is captured by vector error correction models. Whereas conventional vector error correction models consider only temporal dynamics, spatial vector error correction models incorporate both spatial and temporal dynamics (Beenstock and Felsenstein 2010) . In this framework, the long-run relationship between prices in a region and the average prices in neighboring areas can be modeled through the following spatial autoregressive equation:
where it p denotes the spatially lagged price as defined above, i δ is a region-specific fixed 
) are corrected toward the equilibrium relation through the adjustment speed i φ :
2 One may question the existence of a stable long-run relationship in the regional land market equation as postulated by equation [3] . We argue that despite of the immobility of land, one can expect that economic responses to spatial price differentials will take place, at least if they are pronounced. For example, after the German reunification, many farmers from West Germany or other Western European countries bought or rented land in East Germany at prices that were considerably lower than in parts of West Germany. Moreover, despite legal barriers, nonagricultural investors participate in agricultural land markets. That is, although land is immobile, the mobility of capital and/or farm managers will likely induce arbitrage processes on land markets toward spatial equilibrium. On the other hand, technological change may affect the long-run equilibrium between spatially lagged prices. However, we presume that changes in transportation technologies (infrastructure), which have an obvious effect on transportation costs and spatial integration in commodity markets, have a smaller impact on land prices because arbitrage mechanisms are different. Nevertheless, we cannot rule out time-varying equilibria. To address this issue, we allow for structural breaks when testing the cointegration relations in our empirical application.
where So far, spatiotemporal price diffusion has been restricted to adjacent regions. However, price changes in one region may also affect regions located further away. The phenomenon of a spillover of shocks from one region to others leading to a global effect on prices in all other regions is referred to as a spatial ripple effect (Meen 1999) . This effect can be regarded as a special case of price diffusion since (1) the diffusion area not only includes nearby regions, but also farther areas; and (2) the diffusion direction is one way, which means that a shock starting in one center region spreads to other regions and there are no feedback effects. In empirical applications on house markets (e.g., Holly, Pesaran, and Yamagata 2011; Helgers and Buyst 2016) , a large city or major financial center, usually with the highest house prices, is considered the dominant region that drives price development in all other regions. To test whether a region is potentially dominant, the following pairs of equations are estimated for all other 1 N − regions: If a candidate for a dominant region 0 passes the aforementioned test, the long-run equilibrium relationship in equation [3] is extended in the following way to account for the special role of the price in the dominant region, 0t p :
where 1, , 1 i N = … − indicates the nondominant regions. Note that for direct neighbors, the dominant region is excluded in the calculation of the average price in the neighboring area it p . With the long-run equilibrium in equation [7] , the diffusion model from equation [4] can be adapted by adding the prices of the dominant region: 4 , 1 , 1 0 0, 1 With the two abovementioned models shown in equations [4] and [8] , the procedure for analyzing the diffusion of prices involves several steps. First, we carry out augmented Dicky-Fuller tests on the individual price series to discern the long-run price development in each region. The next step consists of Johansen tests for the pairwise cointegration between prices of each region and its average neighbor price, as well as the estimation of the long-run equilibrium vectors in the cointegrating equations to confirm that a long-run equilibrium relationship exists. In this case, we can use the error correction term from prices of neighbors to control for price changes. For the model with the average neighbor price and the dominant region, we also test for pairwise cointegration between prices in each region and the long-run equilibrium and estimate their long-run equilibrium vectors. If the null hypothesis of no cointegration is rejected, we can estimate the two diffusion models shown in equations [4] 
Study Area and Data
In our empirical analysis, we study the diffusion of land prices in Lower Saxony, Germany. Lower Saxony is located in northwestern Germany and consists of 37 counties. It is the second largest state in Germany, covering an area of 47,600 km 2 . About 60% of this area is used for agricultural production. In terms of production value, Lower Saxony is one of the leading states, contributing more than 20% to Germany's revenues from agriculture. However, natural conditions, production structures, and farm size structures largely differ across counties within Lower Saxony. This heterogeneity of agricultural production renders Lower Saxony an interesting study area. Differences in land use intensity translate into differences in both land rental prices and sales prices. Thus, the analysis of price diffusion processes is nontrivial. Figure 1 depicts the spatial differences of the price levels and livestock density in Lower Saxony in 2015. Table 1 summarizes key variables of agricultural production at the county level. Three different regions can be distinguished. The eastern and southeastern part of Lower Saxony is characterized by fertile soils. In this region, farms are rather large (often more than 100 ha on average) and specialized in cash crops. The livestock density for most Land Economics of the counties in this region is less than 0.5 livestock units per hectare, and the sale prices for agricultural land are rather low (around 20,000 €/ha) and experienced moderate price growth between 1990 and 2015 compared to the rest of Lower Saxony. The northern part of Lower Saxony, which borders the coast, is characterized by a low share of arable land Note: Data regarding the number of farms, farm size, share of arable land, average soil quality, livestock density, and land sale price for arable land (1990, 2010, and 2015) are from the Statistical Office of Lower Saxony (2016; see http://www.statistik.niedersachsen.de/themenbereiche/landwirtschaft/themenbereich-land--und-forstwirtschaft-fischerei---statistische-berichte-87592.html). The rental/sale price ratio (2010) is calculated based on rental price data from the Landesbetrieb für Statistik und Kommunikationstechnologie Niedersachsen (2010; see "Landwirtschaftszählung 2010. Heft 10: Eigentums-und Pachtverhältnisse, Pachtentgelte," available at http://www.statistik.niedersachsen.de/ download/73728).
a Index points for the average soil quality refer to an official index in Germany that ranges from 7 to 104. b Livestock units per hectare of agricultural land.
Yang, Odening, and Ritter: Spatial and Temporal Price Diffusion (less than 50%). This region is dominated by dairy production and also has a large fruit growing area. The western part of Lower Saxony is famous for its intensive livestock production. In light of rather poor soil quality (mostly around 30 soil quality points out of a total of 104) and relatively small farm sizes (50-60 ha on average), livestock production has comparative advantages, and its intensity has steadily increased over the last few decades. In fact, 70% of Lower Saxony's hog production and more than 80% of its poultry production are concentrated in the western part. More recently, biogas production has become an important alternative business in this region. The fact that 50% of Lower Saxony's total agricultural revenues are generated in its western part demonstrates the region's important role. Counties within the western part of Lower Saxony had the highest price growth rates between 1990 and 2015 (Emsland +304%, Cloppenburg +264%, and Oldenburg 259%) and the highest absolute land prices in 2015 (Vechta 90,457 €/ha, Cloppenburg 78,441 €/ha, and Emsland 61,723 €/ha). Potential reasons for the large differences in the price growth rates among counties within Lower Saxony are varying livestock intensities and production structures (Yang, Ritter, and Odening 2017) , the use of biogas (Habermann and Breustedt 2011; Hennig and Latacz-Lohmann 2017) or wind energy , nonagricultural investors (Forstner and Tietz 2013) , and urban sprawl (Delbecq, Kuethe, and Borchers 2014; Ritter et al. 2015) . The counties Emsland, Cloppenburg, Vechta, and Oldenburg are candidates for the choice of a dominant county in our model since these counties have the highest absolute prices and price growth rates.
The data applied for the estimation of price diffusion models are based on records of individual land sale transactions for arable land from January 1985 to December 2015. The raw data are provided by the committee of evaluation experts in Lower Saxony (Oberer Gutachterauschuss für Grundstückswerte in Niedersachsen), 5 which records all land transactions within Lower Saxony. Besides the 5 See www.gag.niedersachsen.de/gutachterausschuesse/. price of each sold lot, the data set contains soil quality as a yield index (Ertragsmesszahl) and the size of the lot in square meters. This data set is used to build a balanced panel of quarterly average county prices. There are two reasons why we do not simply average transactions prices. First, the number of transactions per county per year is rather low, so raw observations might not represent the long-term values of plot size and soil quality. Second, differences in soil quality between the counties rule out the absolute convergence of prices, a priori. Hence, we adjust transaction prices to the same overall soil quality and plot size based on a hedonic regression, which is a standard approach when analyzing price convergence for heterogeneous goods (cf. Goldberg and Verboven 2004; Waights 2018 ). More precisely, we conduct the following steps:
1. We first run a hedonic regression based on the transaction data to quantify the effect of plot size and soil quality according to the following equation: where δ and ρ denote the estimated coefficients of soil quality and size, respectively, from the reestimated hedonic model (see Appendix Table A1 ). 4. Finally, adjusted transaction prices are averaged for each quarter t and each county i. Since larger plots rather than smaller plots are more representative of the whole county, the weighted average of adjusted prices by plot size is calculated in the following way:
where (ln ) it p ′ denotes the average adjusted price in county i in quarter t, and it Q denotes the total number of observations in county i in quarter t. In case of missing values for some counties in some quarters, we linearly interpolate and fill longer gaps with annual data from the statistical office of Lower Saxony. 6 The above procedure results in a balanced panel data set of 4,588 quarterly observations, which forms the basis of our analysis. 7 To give a first impression of the spatial relationship of land prices, we apply Moran's I on the adjusted log prices in the first and last quarter of the observation period. The p-values significantly reject the null hypothesis that prices are randomly distributed in the study area, indicating spatial autocorrelation of land prices in Lower Saxony in the first and last quarters. As Figure 2 shows, Moran's I is positive for both quarters, indicating that a higher (lower) price in a county is usually linked to higher (lower) prices in the neighboring counties. Since the value for the last quarter is larger than that for the first quarter, this relationship has increased over time. Moreover, the local Moran's I (calculated according to Anselin 1995) 
Results
Before we turn to the results of the cointegration analysis and the price diffusion models, we inspect the long-run behavior of the adjusted log prices of arable land. Most counties in Lower Saxony show a clear upward trend over the observed period, and augmented Dicky-Fuller tests on the individual quarterly price series cannot reject the nonstationary price development for 33 out of 37 counties at the 5% significance level. Due to the rather low power of the univariate augmented DickyFuller tests, counties that exhibit a stationary price development (Goslar, Leer, Osterholz, and Wolfenbüttel) are not excluded from the subsequent cointegration analysis.
To investigate whether a long-run equilibrium exists between prices in a county and the average prices of its neighbors, which is a precondition for the error correction term in the price diffusion model [4] , we test their pairwise cointegration. Table 2 presents the results of the Johansen tests. The trace statistics clearly reject the null hypothesis of no cointegrating relationships for all counties. It is not surprising that there is a long-run connection between land prices in neighboring counties, since neighbors often have similar natural conditions and production structures. Thus, economic factors causing a change of land values in one county, such as new technologies, subsidies, or increased demand for land by financial investors, will likely affect neighboring counties as well.
Cointegration is necessary but not sufficient to establish the convergence of land prices among neighboring counties. To verify that county prices and their average neighbor prices actually converge, we need to further detect whether prices are cotrending and whether the cointegrating vectors (1, ) i β − are equal to (1, 1 − ) (Abbott and de Vita 2013) . According to Table 2 , there are 14 counties in which land prices converge with their average neighbor price. However, this does not imply that prices approach the same level in the long run, which would be in contrast to the rather heterogeneous price paths reported in Table 1 . First, one has to recall that we are analyzing adjusted (homogenized) prices, while Table  1 displays actual prices. Second, for 7 of the 14 counties, we find a significant coefficient i δ in Table 2 . This indicates that adjusted land prices among neighbors are equal up to a con- *, **, *** Significance at the 90%, 95%, and 99% levels, respectively. + ˆi s β is not significantly different from 1 at the 99% significance level.
Land Economics stant in the long run, that is, the relative "law of one price" holds. Since we analyze log prices, this means that absolute prices have a constant ratio, that is, they change with the same rate.
We now proceed to the results of the price diffusion model [4] . Since contemporaneous terms it p ∆ are included in the model, we test whether this term is weakly exogenous. The Wu-Hausman test statistic is the t-value for testing H 0 : 0 i λ = in the augmented regression:
, , ) on average, which is rather slow compared to agricultural commodity markets that have an adjustment speed that is usually greater than 90% per quarter (e.g., Wang and Tomek 2007) . This finding is not surprising since land is immobile and economic equilibria cannot simply be attained by trading and transport. Adjustment processes in the land market are more complex and are sometimes related to the diffusion of new technologies. For example, Hennig and Latacz-Lohmann (2017) show that the boom in biogas plants has led to an increase in land rental prices in Germany. Moreover, land markets are less liquid compared to commodity markets. Moreover, information on price changes is processed more slowly in land markets. Note that there is regional variation in the adjustment speeds.
Smaller absolute values imply a lower impact from the average neighbor price. We find that the five counties with the smallest adjustment speeds (Lüchow-Dannenberg, 24%; Aurich, 31%; Cuxhaven, 43%; Cloppenburg, 43%; and Göttingen, 44%) are located adjacent to the state border, with the exception of Cloppenburg. Whereas border counties could also be affected by price development beyond the border, which is not considered in our analysis, the slow adjustment of prices in Cloppenburg to its average neighbor price could indicate that Cloppenburg is a dominant county.
Regarding the short-term development of land prices, we find that most of the values for the own lagged effects and some of the neighbors' lagged effects are significant. Most of these effects are negative, which means that short-term deviations are compensated in later periods. About 80% of the counties have a significant and positive coefficient 0 i b for the neighbors' contemporaneous effects, such that land price changes in one county will immediately spill over to adjacent counties. Economic drivers of these price changes include subsidies or regulations that affect land prices in neighboring counties simultaneously.
To summarize, the evidence for static spatial autocorrelation of land prices within Lower Saxony, which we found from Moran's I, is confirmed in a dynamic context by our price diffusion model.
To put more structure on the price diffusion process, we now examine whether land prices in Lower Saxony are driven not only by prices in neighboring counties, but also by a dominant county. In this case, land price changes would be unidirectional and ripple out from a dominant county to other counties. In contrast to studies in the housing market, in which large metropolitan areas are a natural candidate for a dominant county, it is not obvious where such a county-if it exists at all-is located in the agricultural land market of Lower Saxony. To select a potentially dominant county, we proceed as follows: First, we focus on counties showing the highest land price level and the most pronounced price increase during the observation period. According to Table 1 , these are Vechta, Cloppenburg, Emsland, and Oldenburg-counties that are characterized by intensive livestock production. Next, we estimate the pairwise error correction models (equations [5] and [6]) for Note: The lag order for each county is selected separately using the Bayesian information criterion using a maximum lag order of four. The reported coefficient for the lagged effects is the value with the lowest p-value. "-" denotes that the lag order equals zero. All regressions include an intercept term.
*, **, *** Significance at the 90%, 95%, and 99% levels, respectively. 
. The lags h ∈  and d ∈  are again chosen so that the instruments are valid and strong at the 5% level, which could be achieved in all cases. The results for the Wu-Hausman test and the estimation of model [8] are provided in Appendix Table A4 . Again, the coefficients ˆi φ are all significant and negative, which implies a correction toward a long-term equilibrium with neighbors and the dominant county.
It is, however, difficult to disentangle this effect and to separate the contribution of Cloppenburg. Comparing the results with the previous model [4] shows that the inclusion of Cloppenburg has increased the absolute value of the coefficients ˆi φ on average, in other words, the observed adjustment is faster in the model with Cloppenburg as a dominant county. Regarding the short-run effects, we find that Cloppenburg has a significant impact on land prices in only a few counties. In addition, spillover effects can be measured for some neighboring counties such as Emsland and Oldenburg. Overall, the contemporaneous effects of neighbors seem to be more relevant. We conclude that Cloppenburg cannot be clearly characterized as a strong dominant county, and ripple effects are less pronounced in land markets compared with real estate markets. This finding can be explained by differences in the underlying economic mechanisms, which drive the price diffusion process. In housing markets, migration plays a central role in the emergence of ripple effects, whereas in the case of farmland, ripple effects rely on the mobility of farmers, which is restricted by transport costs, as well as natural and legal conditions.
Conclusions
Politicians and other stakeholders in agriculture are concerned about the recent surge in farmland prices observed in many parts of the world. While this price increase is rather unambiguous at the aggregate level, the development of land prices is more subtle and differentiated at the regional level. Our case study from Germany documents that land prices may grow at different rates even within a country or state. Notably, despite extant empirical work on explaining the determinants of farmland price levels, detailed analyses on the spatial development of land prices at a regional level are rare. We contribute to this research by employing a price diffusion model that combines features of market integration models and spatial econometric models. This approach identifies long-run equilibrium relationships among local land markets and separates short-and long-run price transmission. An application of this model to farmland prices in the state of Lower Saxony shows that prices at a county level are in fact cointegrated, as they are linked by long-run equilibria. However, this does not imply that land prices in all counties necessarily converge to the same level or a constant difference even after adjusting for land quality differences. This result confirms earlier findings by Yang, Ritter, and Odening (2017) that local land markets may exhibit distinct convergence clubs. Not surprisingly, the adjustment rates that we measure are smaller compared to commodity markets and are similar to those of other real estate markets. In some cases, apart from convergence toward a long-run equilibrium, we find that price transmission also takes place through short-term adjustments caused by prices changes in neighboring counties. A modification of the price diffusion model allowed us to examine whether some counties dominate others in the sense that price diffusion is unidirectional, namely, that price shocks spill over from a dominant county to neighboring counties, but not vice versa. We found that Cloppenburg, a center of intensive livestock production in Germany, actually mimics some of these behaviors.
Our findings are relevant from a policy perspective for at least two reasons. First, our results assert that land markets are spatially integrated, a feature that is generally considered as being indicative of market efficiency. Market inefficiency, on the other hand, is often used as an argument to justify market regulation. In this regard, our results do not provide evidence for land market regulations. Second, in view of the recent land price surge, many E.U. countries have implemented price monitoring systems to increase transparency of price formation in farmland markets. Our results support this task, since knowledge of this diffusion process can be useful to predict how price changes in local land markets will affect neighboring regions. More specifically, the estimated price diffusion model can be used to derive impulse response functions that allow an assessment of the spatial land price impact that is caused by a price shock in a specific area (e.g., Helgers and Buyst 2016) . This is particularly useful for understanding whether the price impact of a regional policy or land market intervention is bounded.
So far, our analysis targets the identification of patterns in farmland price diffusion. It is, however, rather silent about the economic forces that cause these patterns. Thus, a natural step toward a more comprehensive understanding of the spatial dynamics of land prices would be the inclusion of common factors into the price diffusion model, such as interest rates, land rental prices, or income variables. Furthermore, the consideration of structural variables that characterize local economic activities, such as farm exit rates, farm size, or production intensity, could enhance our empirical analysis.
